To keep pace with the rapid advances in medical genetics, internal medicine residency training programs need to train internists to develop new attitudes, knowledge bases, and skill sets. Currently, such programs have no medical genetics curriculum. Thus, to set a minimum standard for genetics education in the context of training in internal medicine, the Internal Medicine Residency Training Program Genetics Curriculum Committee was formed, with members representing professional organizations of medical geneticists, internists, genetic counselors, internal medicine and genetics residency program directors, and internal medicine residents. The committee's task was to develop a concise outline of a medical genetics curriculum for residents in internal medicine in accordance with requirements of the Residency Review Committee for Internal Medicine of the Accreditation Council for Graduate Medical Education. The curriculum outline was drafted and circulated for comment. Before publication, the final document was approved by those member organizations that had a policy of approving curricula. Key learning objectives of the curriculum include appreciation of the rapid advances in genetics, the need for lifelong learning, the need for referral, and the role of genetic counselors and medical geneticists, as well as developing the ability to construct and analyze a three-generation pedigree. A wide variety of teaching methods can be useful in these regards, including didactic lectures, multimedia CD-ROMs, and clinical experience. Teaching should be related to clinical experiences whenever possible. The curriculum developed by the committee and presented in this article will assist in teaching residents the attitudes, knowledge, and skills they will require. Genet Med 2004: 6(6):543-547.
Traditionally, internal medicine residency training programs have not included a medical genetics curriculum because, until recently, medical genetics was perceived to be limited to the care of children with rare disorders. However, with the sequencing of the human genome and other recent advances, medical genetics has shifted from rare to common disorders and from children to all age groups. Increasingly, internal medicine residents require an understanding of genetic testing, genetic counseling, pharmacogenetics, gene therapy, novel treatments, and other concepts. They will also require the skills to communicate these genetic concepts to referring physicians, other health professionals, and patients who have little or no understanding of genetics.
The Accreditation Council for Graduate Medical Education (ACGME) oversees graduate medical education in the United States. Residency review committees of the ACGME accredit training programs in each specialty. The Residency Review Committee for Internal Medicine (RRC-IM) has created guidelines for internal medicine residency training program curricula that now require internal medicine training programs to have a medical genetics component. 1 The American Board of Internal Medicine (ABIM), which confers certification on internists, does not mention medical genetics in its current examination blueprint. However, the ABIM has joined with the American Board of Medical Genetics (ABMG), which certifies medical geneticists, to approve a combined internal medicine/medical genetics residency training program.
We formed the self appointed Internal Medicine Residency Training Program Genetics Curriculum Committee to set a minimum standard for genetics education in the context of training in internal medicine. Our objective was to develop a concise outline for a medical genetics curriculum consistent with the RRC-IM guidelines.
Two of the authors (D.L.R.-J. and B.R.K.) identified the organizations that represent medical geneticists, genetic counselors, internists, internal medicine residents, and program direc-tors of genetics and internal medicine resident training programs. Representatives from these groups formed the Internal Medicine Residency Training Program Genetics Curriculum Committee (Table 1) . Committee members reviewed medical school genetics curricula, genetics curricula from other specialties, curricula from other internal medicine specialties, and other documents. [2] [3] [4] [5] A draft curriculum outline was circulated by D.L.R.-J. and B.R.K., who refereed several rounds of revisions and then edited the draft into the final document. The final document was approved by those organizations with a policy of approving curricula ( Table 1 ). The Association of Program Directors in Internal Medicine and the American Society of Human Genetics contributed representatives but as policy do not approve curricula.
RECOMMENDATIONS FOR A MEDICAL GENETICS CURRICULUM Educational purpose
To provide sufficient training in medical genetics to enable residents in internal medicine to gain an understanding of the following issues:
Implications of the fact that medical genetics is one of the most rapidly changing medical specialties Fundamental concepts of medical genetics Genetic counseling as an essential component of genetic care Regardless of the type of teaching methods to be used, the committee recommends that teaching be driven by clinical experiences.
Faculty
The faculty should consist of professionals or physicians with adequate knowledge and experience. Efforts should be made to include interactions with medical geneticists and genetic counselors whenever possible.
Mix of diseases
It should be emphasized that with the rapid expansion of genetic knowledge, any of hundreds of disorders could be used for study. We recommend that learning be driven by patient interactions.
Patient characteristics
Patients should include men and women ages 16 and above.
Types of clinical encounters
Clinical encounters should include both outpatient and inpatient experiences.
Procedures
Residents should be observed in the construction and interpretation of at least one three-generation pedigree using standardized pedigree nomenclature. Residents should be encour- aged to include a pedigree as part of each complete history and physical examination.
Services
Teaching should occur on both general and specialty medical inpatient services.
Reading lists
Reading should be directed by clinical experiences. If a reading list is assigned, it should be concise and related to clinical experiences. For selected references, see Appendix.
Pathological material
No pathological material is required.
Other educational resources to be used Table 2 lists useful World Wide Web resources.
Method of evaluation of resident competence
Currently, resident competence should be assessed by instructors. Unfortunately, standardized objective tools, such as "shelf exams," are not available. Residents should be observed at least once in the construction and interpretation of a three-generation pedigree, and the observer should give feedback to the resident. Residents' genetic counseling skills should be assessed by means of direct observation by a genetic counselor or medical geneticist.
Overcoming barriers to implementation of genetics curriculum
Several barriers need to be overcome in order to implement a genetics curriculum successfully into internal medicine residency training programs.
One barrier is the perception that medical genetics is limited to the study of young patients with rare disorders. Potential ways of overcoming this perception are to (1) insist on inclusion of "genetic disorders" in differential diagnosis; (2) invite medical geneticists to discuss cases at conferences on mortality and morbidity or clinical pathological correlation; and (3) profile the role of genetics in common adult diseases at medical grand rounds and other conferences.
A second barrier is the lack of faculty with sufficient experience or knowledge. Potential ways to overcome this barrier are to (1) encourage interested faculty to develop knowledge in this area, e.g., with reserved time and sponsorship to meetings; (2) recruit medical geneticists with internal medicine training; (3) use selfdirected educational resources such as CD-ROMs; (4) use genetic counselors and geneticists from other subspecialties, e.g., obstetrics and pediatrics; and (6) use of preprepared teaching materials. Case-based curricular modules designed to integrate genetics into primary care curriculum have been developed by the Society of Teachers of Family Medicine (Table 2) . 6 A third barrier is competition with other required curricular components. Potential solutions for this problem are to (1) integrate genetic information into preexisting curricula, e.g., integrate discussion of hemochromatosis into material on gastroenterology and (2) develop an elective genetics course focused on the needs of the residents.
Level of resident supervision by faculty members
Residents should be supervised in ordering all genetic tests and in giving genetic counseling.
Revisions of this proposal
Revisions should be published biannually, either in print or on the World Wide Web.
LEARNING OBJECTIVES
The learning objectives have been classified as primary or secondary. Primary objectives are considered important and should be the focus of instruction. Secondary objectives are considered desirable.
Attitudes

Primary objectives
Residents must appreciate that the rapid advances being made in medical genetics (as in all areas of medicine) will necessitate lifelong, self-directed learning. In addition, residents should develop attitudes that encompass the following:
Recognition of the responsibility of internists to evaluate and screen for genetic disease Recognition of the internist's limitations and the importance of referral to genetics specialists Recognition that patients are best served by a multidisciplinary approach incorporating internists, geneticists, genetic counselors, and subspecialists Appreciation for the economic, social, psychological, and familial implications of genetic disorders Recognition of the influence of one's own beliefs and the need to counsel patients in an accurate, nondirective manner with respect for the patients' beliefs and decision-making capacity
Knowledge: foundation
The resident should have a sufficient understanding of the concepts, terminology, and basic techniques to guide self-directed learning, including the following:
Basic principles of human and medical genetics, including genes, chromosomes, and the organization of the human genome Mendelian inheritance patterns: autosomal dominant, autosomal recessive, X-linked dominant, X-linked recessive Non-Mendelian inheritance patterns: multifactorial, mitochondrial, trinucleotide repeat expansion (anticipation), imprinting An understanding of the difference between benign polymorphisms and pathological mutations An understanding of incomplete penetrance and variable expressivity 
In reviewing a specific disorder, the primary objectives for the residents are to be able to describe the characteristic phenotype, to have knowledge of the mode of inheritance, and to have knowledge of current options for genetic testing (risk assessment), referral, and treatment.
Secondary objectives
In reviewing a specific disorder, knowledge of the following is desirable: gene(s) involved, function of involved gene(s), specific mutations and relation to pathogenesis, carrier frequency, penetrance, and appropriate genetic counseling.
Skills
Primary objectives
The resident should be trained in the following clinical skills:
Ability to develop an effective self-education program Documentation of a family history and preparation of a three-generation pedigree (evaluation of ability to construct at least one three-generation pedigree using standard nomenclature) Use of the medical literature, including:
formulation of a clinical question, performance of a literature search, appraisal of an article's validity, evaluation of the results, including an understanding of basic probabilities, and application of the results to a clinical situation Navigation of the World Wide Web to access genetic resources (for example, Online Mendelian Inheritance in Man, GeneTests and GeneClinics, Genetic Alliance) Basic genetic counseling, including: knowing when to refer at-risk individuals, confidentiality, and informed consent
Secondary objectives
Recommended additional clinical skills the resident could aquire include:
Risk assessment of patients and families Duty to inform Discrimination issues (particular sensitivity to privacy, confidentiality and unfair discrimination in health insurance coverage, and employment) Providing information to the patient and assessing their subsequent level of understanding Performance of a focused physical examination for common genetic diseases Ability to list a "genetic" disease in the differential diagnosis of common medical disorders, e.g., ␣1-antitypsin deficiency should be included in the differential diagnosis of patients with emphysema.
COMMENT
Genetics will play an increasing role in the practice of internal medicine. Currently, there is no genetics curriculum available for internal medicine residency training programs. The Internal Medicine Residency Training Program Genetics Curriculum Committee has produced an outline of a curriculum to fill that need. Perhaps the greatest barriers to implementation of this curriculum are the complexity and rapid changes in the field of genetics. Therefore, the curriculum stresses understanding of the vocabulary, concepts, and skills needed to continue self-directed learning. It is our hope that this outline will provide a framework for residency training programs in internal medicine to build their own genetics curriculum.
